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Background
Encountered in many parts of the world, lowlevel jets (LLJs) have attracted considerable attention because of their relation to thunderstorm development, cyclogenesis, air pollution and aviation safety. In south China, studies of LLJs have mostly focused on their role in connection with summer monsoon rain (Tao and Chen 1987; Chen et al. 1994; Chen and Chen 1995; Yeung 1998) . In winter, the LLJ is usually associated with the passage of a cold front. The pool of cold air becomes shallower as it moves south, creating an elevated temperature inversion which is usually located near the 900 mbar level over the south China coastal areas (Wong and Yu 1998) . LLJs are sometimes observed around the inversion. While wintertime LLJs may not be associated with heavy rain, their existence warrants attention as LLJs aligned in the direction of an airport runway can cause wind shear during aircraft take-off and landing. Wind shear is a sudden change in the wind direction and/or wind speed resulting in a change in the lift to the aircraft.
This short note reports the observation of an LLJ in winter in south China by means of a Terminal Doppler Weather Radar (TDWR). During the episode, wind shear was reported by several pilots using Hong Kong International Airport. 
Radar observation
The TDWR is strategically installed at a distance of about 12 km north-east of the airport (Fig. 1 ). This allows a clear view of the runways, airport approach and departure areas (Shun and Johnson 1995; Johnson et al. 1997) . Emitting microwaves at a wavelength of 3 cm, the TDWR has a specially narrow beam width which produces radar pictures with a resolution of 150 m in range and 1 degree in azimuth. The normal update cycle is 5 minutes. The radar is specially designed for detecting wind shear associated with microbursts. A microburst is the most violent form of downdraught from a thunderstorm and is characterised by an intense and localised descent of cool air, causing a sudden outflow of horizontal winds above the ground with a typical horizontal extent of a few kilometres.
Fig. 2 Surface weather chart (a) and tephigram (b) at 0000 GMT on 31 January 2000
The aforementioned wind shear episode occurred on 31 January 2000, when an intense anticyclone covered all of China (Fig. 2) , sending a strong winter monsoon down the south China coast. This monsoon undercut the relatively warm air over the coast, turning the weather cloudy with patches of light rain.
The radar picture of Doppler velocity taken at 0159 GMT that day (local time minus 8 hours) shows two crescent shapes, one east and one west of the radar (Fig. 3, inside back  cover) . In Fig. 3 , the velocity values indicate the radial component of the wind as observed by the radar, with cold (warm) colours representing winds blowing towards (away from) the radar.
A cross-section of the structure of the radial velocities derived from the TDWR (Fig. 4) depicts relatively strong winds of about 29 kn (15 m s ± 1 ) spanning a layer of just 50 m thickness at an altitude of 1.1 km above ground level.
The wind as experienced by an aircraft flying into an LLJ
During take-off, an aircraft encountering an LLJ as depicted in Fig. 4 will experience a lift and thus rise above the intended flight path. This is usually not a significant hazard. However, as the aircraft exits from the jet, the sudden decrease in headwind will cause the plane to drop below the intended flight path if the pilot does not take corrective action. (For landing aircraft, due to the more gentle glide slope (3 degrees), the shear is usually not as significant. In fact, no wind shear was reported by landing aircraft that day.) Also plotted in Fig. 4 are the wind speed and the rate of climb as derived from flight records of an aircraft that reported severe wind shear as it took off at 0232 GMT that day. As the plane exited from the jet, the rate of climb dropped sharply from over 4500 ft (1372 m) per minute to ± 12 ft (± 4 m) per minute in a matter of 17 seconds. At the time the LLJ strength as measured on the TDWR was near its height. The derived wind data indicate that the aircraft experienced first a headwind gain of nearly 35 kn (18 m s ± 1 ). While the ensuing headwind loss was of a similar magnitude, it took place over a shorter time period thus resulting in a stronger shear of 4 kn per 100 ft (30 m).
Comparison with other measurements
Based on radar observation, the estimated loss in wind speed is about 25 to 30 kn (12.9 to 15.4 m s ± 1 ), with a vertical shear of 3.3 kn per 100 ft (30 m) in fair agreement with that derived from flight records.
The radar observation indicates the core maximum of the LLJ at a height of 1100 m, in good agreement with the radiosonde record taken nearby at 0000 GMT which shows a speed maximum at 1000 m (not shown). It also agrees well with the wind profiler, which is a UHF radar (1299 MHz) for measuring the vertical profile of winds (Fig. 5) at Sha Lo Wan (location shown in Fig. 1) . 
Discussion
The example presented above demonstrates the usefulness of the TDWR in the graphical depiction of wind changes caused by severe weather phenomena such as LLJs. With a 5-minute update cycle, it allows the forecaster to continuously monitor changes caused by such severe weather phenomena as thunderstorms and tropical cyclones, as well as high winds as in the present case of an LLJ. For the case in point, the risk is particularly high for departing aircraft entering the jet at a steep angle in the initial climbing phase. The sudden gain in headwind in an LLJ, immediately followed by an abrupt loss, may be likened to the experience of passing through a microburst ± although this time there was clearly no convective activity to cause any microburst.
